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(54) Field emission display device using vertically-aligned carbon nanotubes and manufacturing 
method thereof 



(57) A field emission display (FED) device using 
vertically aligned carbon nanotubes, is provided. In the 
FED device, a first metal film (32) for use as a cathode 
is formed on a lower substrate (30), and carbon nano- 
tubes (34) for use as emitter tips are vertically aligned 
on the first metal film (32). Here, the carbon nanotubes 
for use as emitter tips are vertically aligned by vertically 
growing on catalytic metal particles by chemical vapor 
deposition after the catalytic metal particles are formed 



on the first metal film. A first spacer (36) is installed on 
the first metal film, and a second metal film (38) shaped 
like a mesh to serve as a gate electrode is supported by 
the first spacer (32), and formed on the carbon nano- 
tubes. A second spacer (40) is formed on the first 
spacer, and an upper substrate (50), to which a trans- 
parent electrode (51) and a fluorescent layer (54) are 
attached, is formed on the second spacer (40). 
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Description 

BACKGROUND OF 'ml iNVlN'HON 



[0001] The present invention "eiates to a f eio emis- 
sic n display ;r:U: device and a manufacturing methoa 
thereof, ana more particularly, to an FED device using 
vertically-aligned carbor nanotubes. and a manufactur- 
ing method thereof. 



t: r e;e n ' irve' 
■ay ; rED; dev.c 



Description of the 



elated Art 



[0002] In general TED dev ces. when a positive volt- 
age- of sevora hunarcds of volts is app ied from ar 
otornal gate electrode :o a conic emitter tip. electrons 
are emitted from the emitter tip affected by a strong 
electrc field, and the emitted electrons collide with ar 
anode to which several to several hundreds cf kilovolts 
are applied, and with an anode coatea with a fluores- 
cent material In this way, the FFD devices perform a 
display function. However, in conventional FED devices 
us ng silicon emitter tips made by etching a si icon sub- 
strate, an anode and a cathode must be seoarated from 
each other by a fire interval of about 1 .C to 1 .5um. Also 
in conventional FED devices, leakage current is hgh. 
the reliability and performance are not high, and a man- 
ufacturing yield is low, due to a deterioration of silicon 
tips caused by application of significantly high operating 
vo ; tage and emission of high current. An FED device 
us ng carbon nanotubes has been proposed as ar 
improvement of FED devices using silicon tips. 
[0003] Conventional carbon nanotuDes are synthe- 
sized by electrical discharging or laser deposition, ana 
put in a cleans ! ng solution and shaken by an ultrasonic 
washer to be purfied. The purified carbon nanotubes 
are implanted into the pores of a porous ceramic filter to 
be used in an FED device. Then, the carbon nanotubes 
contained in the pores of the porous ceramic filter are 
stamped and stood upright on conductive polymer on a 
lower substrate for an FED device, thereby forming 
emitter tios. 

[0004] The FED device using conventional nano 
tubes as emitter tips excels it stability compared to ar 
FED device usng silicon tips. However, the FED device 
usmg conventional carbon nanotubes has a difficulty in 
efficiently standing carbon nanotubes on the conductive 
polymer, and its manufacturing method is complicated 
Thus, the FED device using conventional carbon nano- 
tubes has a low manufacturing yield, and cannot be 
manufactured to have a large area. Also, an electrically 
perfect interconnection is not made between the con- 
ductive polymer and canoon nanotubes on a substrate. 

SUMMARY OF THE INVENTION 
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[0005] 



To solve the above problems, an object of 



s to rov je a f:e ; a : : < or. a 

ue manufactured to nave a large area, ana wtucn has a 
^igr aensity c* e^' 1 tt^ r ties ce r ^ n -t a r ea 
[0006] Anotne- oc;ect o* t^e present i^vento- is ::■ 
c r ov;ae a method of manufacturing an r ED device :o 
nave a large area oy a simple manufacturing process 
[0007] I he first object c f the present invention is 
achieved by a field em ssion display device in wmch a 
first metal film for use as a cathode is formed on a lower 
substrate and carbon nanotubes for use as emitter tips 
are vertica ly aligned on tne first metal film. Here, the 
carbon nanotubes for use as emitter t ps are vertically 
aligned oy vertically growing on catalytic metal particles 
by chemical vapor deposition after the catalytic metal 
particles are formed on the first metal film. A first spacer 
is instal cd on the frst metal film, and a second metal 
film shaoed like a mesh to serve as a gate electrode is 
supported by the first spacer, and formed on the carbon 
nanotubes A second spacer is formeo on tne first 
spacer, and an uoper substrate, to which a transparent 
electrode and a fluorescent layer are attached, is 
formed on the second spacer. 

[0008] The second object of the present invention is 
achieved by a method cf manufacturing a neld emission 
display device, ir wmch a first metal film for use as a 
cathode is formed on a lowe r substrate, and then car- 
bon nanotubes are vertically-aligned and grown or the 
first metal film. Here, tne vertically-aligned ana grown 
carbon nanotubes are obtained by forming a catalytic 
metal film on the first metal film, forming isolated nano- 
sized catalytic metal particles by etching the sun'ace of 
the catalytic metal fiim, and vertically growing a carbon 
nanotube for use as an emitter tip on each of the iso- 
lated catalytic meta : particles using a chemical vapor 
deposition method using a carbon source gas. A ther- 
mal chemical vapor deposition method or a plasma 
enhanced chemical vapor deposition method can be 
used to form the catalytic metal particles and to grow 
carbon nanotubes. The carbon source gas can be an 
acetylene gas. an ethylene gas, a propylene gas, a pro- 
pane gas or a methane gas. The surface cf the catalytic 
metal film can be etched by an ammonia gas, a hydro- 
gen gas, a hydriae gas. or by a hydrogen fluoride solu 
tion. The catalytic metal film can be formed of cooalt, 
nickel, iron, yttrium or an alloy of two or more cf these 
metals. 

[0009] Next, a first spacer is installed on the first 
metal film, and a second metal film shaped like a mesh 
to serve as a gate electrode is formed on the carbon 
nanotubes. The second metal fiim s supoorted by the 
first space r A second spacer is installed on the first 
spacer, and then an upper substrate, to which a trans- 
parent electrode ana a fluorescent layer are attached, is 
installed on the second spacer. In th s way, the ^ED 
device can be completed. 

[0010] An FED device using vertically-aligned car- 
bon nanotubes according to the present invent on can 
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have a high rran jfacturing yield and can be manufac- 
tured to have a large area, because of its simple struc- 
ture Also, the use of carbon nanctutes vertically 
aligned well as emitter t ps makes it oossibie to obtain a 
large amount of emission current at a low operating volt- 
age. 

Dnith ptSCRj P \ iON Or i rb DRAWINGS 

[0011] The above oojectives and advantages of the 
present invention will become more apparent by 
describing in detail a preferrea embodiment thereof with 
reference to the attached drawings in which: 

FIG. 1 is a cross-sectional view of a field emission 
display (FED) device using vertically aligned car- 
bon nanotubes according to the present invention; 
FIGS. 2 through 4 are cross-sectional views illus- 
trating a method of manufacturing the FED device 
cf FIG. 1; 

FIGS 5A through 5C are cross-sectional views 
illustrating a method of growing the carbon nano- 
tubes cf FIG 3; 

FIG. 6 is a schematic view of a thermal chemical 
vapor deposition apparatus used to grow the car- 
bon nanotubes of FIG. 3; and 

FIG. 7 is a view illustrating a mechanism of carbon 
nanotubes growing on isolated catalytic metal parti- 
cles according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI MEN T 

[0012] Hereinafter, an embodiment of the present 
invention will be described in detail with reference to the 
attached drawings. However, the embodiment of the 
present invention can be modified into various other 
forms, and the scope of the present invention must not 
be interpreted as being restricted to the described 
embodiment. This embodiment is provided to more 
completely explain the present invention to those skilled 
in the art. in the drawings, the thicknesses or sizes of 
layers or regions are exaggerated for clarity. Like refer- 
ence numerals in the drawings denote the same mem- 
bers. Also, when it is written tnat a layer is formed "on" 
another layer or a substrate, the layer can be formed 
directly on the other layer or the substrate, or other lay- 
ers can intervene therebetween. 

[0013] Referring to FIG. 1, a field emission display 
(FFD) device using vertically-aligned carbon nanotubes 
according to the present invention has a first metal film 
32 for use as a cathode formed on a lower substrate 30. 
The lower substrate 30 is formed of glass, quartz, sili- 
con or aumina (A! ? 0 3 ). The first metal film 32 is formed 
of chrome, titanium, tungster or alum num. Vertically- 
aligned carbon nanotubes 34 are f ormed on tne first 
met a film 32 to serve as emitter tips The vertically- 
aligned carbor nanotubes 34 can obtain a great amount 
of emission current at a low operating voltage, for exam- 
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pie. at 3V/um or ess. Also, the vertical y-alignea carben 
nanotubes 34 can generate high luminous efficiency 
s nee they have a high density of tips per unit area. 
[0014] A first spacer 36 is formed on the first metal 
*i m 32. A mesh-type second metal film 38 is formed en 
the first spacer 36 to serve as a gate electrode. A sec 
ond spacer 40 is formed on the first spacer 36, and ar 
upper substrate 50, to which a transparent dectrooe 52 
and a fluorescent layer b4 are attached, is provided on 
the second spacer 40. 

[0015] In the FED device having such a structure, 
an electric field is applied between the first metal film 32 
serving as a cathoae and the transparent electrode 52 
serving as an anode, so that electrons are emitted from 
the verticaily-aligned carbon nanotubes 34. The emitted 
electrons collide with the fluorescent layer 54, so that 
the FED device having such a structure emits red, 
green and blue light. At this time T an electric field is 
applied between the first metal film 32 serving as a 
cathode and the second metai fnm 38 serving as a gate 
electrode, so that electrons easily collide with the fluo- 
rescent layer 54 Consequently, The FFD device accord- 
ing to the present invention is a three-electrode FED 
device. 

[0016] FIGS. 2 through 4 are cross-sectional views 
illustrating a method of manufacturing the FED device of 
FIG. t . Referring to FIG. 2, the first metal film 32 serving 
as a cathode is formed to a thickness of 0.2 to 0.5 |jm on 
the wide lower substrate 30 The lower substrate 30 is 
formed of glass, quartz, silicon or alumina (Al ? 0 3 ). The 
first metal film 32 is formed of chrome, titanium, tung- 
sten or aluminum. 

[0017] Referring to FIG. 3, carbon nanotubes 34 
are vertically aligned and grown on the first metai film 
32. To be more specific, a catalytic metal film (not 
snown) is formed on the first metal film 32, and then 
independently-isolated nano-sized catalytic metal parti- 
cles (not shown) are formed by etching the surface of 
the catalytic metal film using a dry or wet etching 
method. Thereafter, a plurality of carbon nanotubes 34 
are vertically grown on the catalytic metal particles by 
thermal chemical vapo^ deposition or plasma enhanced 
cnemical vapor deposition. The carbon nanotubes can 
be grown by patterning the first meta! film 32 and a cat 
alytic metal film in a fine line pattern and then etching 
the surface of the patterned catalytic metal fiim. The 
carbon nanotubes 34 are used as emitter tips, ana can 
form several emitter tips per pixel, so that a great 
amount of emission current can be obtained at a low 
operating voltage. A method of vertically growing the 
carbon nanotubes 34 will be described in detail later. 
[0018] Referring to FIG. 4, a first spacer 36 is 
formed to a thickness of 1 00 to 700 um on the first meta! 
fi m 32. Ther, a second meta! film 38 shaped like a 
mesh is formed on tne first spacer 36 to serve as a gate 
electrode. That is. the secono meta! film 33 is supported 
by the f rst spacer 36 and f ormed over the carbon nano- 
tubes 34 to have a mesh shape. The second meta! film 
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[0019] Referr.ng 3ac^ ts r 3 V tne secca space- 
40 is formed on tne first space- 36 to a tnic-sness of l 0C 
to 700 um. After t r e Transparent eiectroae 52 serving as 
a n anDde is forme a on tre ucoe r substrate 50. a fluores- 
cent layer 54 wmcn em t hgnt -s attached to tne trans 
parent eiectroae 52. Tne uoper substrate 50 is former 
c* glass a^d tne transparent eiectrcoe can be an 
indiun tin oxide ( To electrode. The fluorescent layer 
54 is formed of three types o* materials that emit red 
green and biue light. Thereafter, the upper substrate 50 
to which the transparent eiectroae 52 ana the fluores- 
cent layer 54 are attached, is turned upside down anu 
put on the secona spacer 40. and then vacuum-sealed 
and mounted, thereby completing the format on of the 
FED device 

[0020] Hereinafter, a mcthoo of vertically growing 
canbon nanotubes will be described in detail with refer- 
ence to FIGS. 5 through 7. FIGS. 5A through 5C are 
cross-secticnal views for illustrating a metnod of grow- 
ing the carbon nanotubes of FIG 3 FIG 6 is a sche- 
matic view of a thermal chem cal vapor depositor 
apoaratus used to grow the carbon nanotubes of ~IG. 3 
FIG. 7 is a view illustrating a mechanism of carbon nan- 
otubes growing on isolated catalytic metal particles 
according to the present invention. FIGS. 5A through 5C 
show magnified drawings for ease of explanation. 
[0021] The vertically-grown carbon nanotLbes 34 of 
FIG. 3 are formed by three steps, as shown in FIGS. 5A 
through 5C. First, as shown in FIG. 5A, a catalytic meta 
film 33 is formed on the first metal film 32. The catalytic 
metal film 33 is formed of cobalt, nickel, iron, yttrium, or 
an alloy of two or more materials among these materials 
(for example, cobalt-nickei, cobalt-iron, cobalt-yttrium, 
nickel-iron, cobalt-nicke -iron, or cobalt-nickel-yttrium). 
The catalytic metal film 33 is formed to a thickness of 
several to several hundreds of nm, preferably, to a thick- 
ness of 20 to 200nm, on a substrate by thermal deposi- 
tion or sputtering. Then, as shown in FIG. 5B. 
independently-isoiated nano-sized cata'ytic metal parti- 
cles 33a are formed oy etching the surface of the cata- 
lytic metal film 33. 

[0022] To be more specific, substrates 110. on each 
of which the first metal film 32 and the catalytic meta 
film 33 are formed, are installed in p -allel on a boat 31 0 
of a thermal chemical vapor deposition apparatus, iso- 
lated a predetermined distance apart from each other 
Then, the boat 310 having the substrates 30 is loadea 
into a reactior furnace 300 of the thermal chemica 
vapor deposition appa"atus. Here, the ooat 31 C is 
loaded in a state where the surface 130 of the catalytic 
metal film 33 formed on each of the substrates 30 faces 
down in the direction opposite to a direction 315 of injec- 
tion of an etch gas. After the boat 310 is loaded, the 
pressure within the reaction furnace 300 is set to be 
several hundreds of mTorr to severa Terr, and the tem- 
perature within the reaction furnace 300 is increased tc 
700 to 1000 C using a resistance coil 330 insta lea 
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a r c ^ " o t n e o tJ to *" a a o + t r ^ e r "ea j r j r> '.."'p.cc- 0l V\ f ~ e- '* 
tne *empe r at„, ^e w m r ^n c 'east o-n furnace 30~ ; 
rcacr.es a process temperature, a vst valve 410 is 
opened, and an etch gas .s supohea + "om an etch gas 
supply sol'Cc 40J to tne r eac on furnace jsOO via a gas 
supply pipe 320 The etch gas can be an ammonia c as 
a hydrogen gas. or a oydr-de gas. Out tne use of an 
ammonia jas as the etch gas s preferable;. When a l 
ammonia cas is used, it is supplied at a f'OW rate cf 8 3 
to 400 seem for 10 to 30 minutes. 

[0023] The etch gas supplied into the reaction + ur- 
nace 300 etches the catalytic metal film 33 along the 
grain bcurdary, tnereby densely and uniformly *ormm:j 
ir oependently-isolated nano-sized catalyt c metal part - 
ir- cles 33a. The term nano size in this specification ind - 
catcs a size of several to several hunarcds of nm. T hj 
size and snapc of isolated nano s zed catalytic metal 
particles 33a depend on etching conditions. The shape 
of canbon nanotubes 34 to be formed in a subsequent 
.v process is affected by the shape of the catalytic metal 
particles 33a In this embedment, the catalytic metal 
particles 33a are formed to a size o' ?00nm or smaller 
[0024] Thereafter, a carbon source gas is supplied 
to the thermal chemical vapor deposition apparatus to 
?5 grow the carbon nanotubes 34, as shown in FIG. 5C. 
The step of growing the carbon nanotubes 34 and the 
step of forming the nano-sized catalytic metal particles 
33a can be performed in situ. To be more specific, the 
first valve 41 0 of FIG. 6 is turned off to prevent tne sup- 
30 ply of an ammonia gas, and a second valve 460 is 
turned on to supply a carbon source gas from a carbon 
source gas supply source 450 to the reactio- furnace 
300 via the gas supply pipe 320. The temperature within 
the reaction furnace 300 must remain at 700 to 1 000 C C, 
35 the temperature at which the isolated nano-sized cata- 
lytic metal particles 33a are formed. The carbon source 
gas is supplied at a flow rate of 20 to 200 seem for 1 0 to 
60 minutes. The carbon source gas provides carbon 
atoms, and can be any gas if it can be decomposed at a 
40 low temperature. Preferably, a hydrocarbon gas of C-| tj 
C ?0 is used as the carbon source gas. More preferably, 
the carbon source gas can be an acety.ene gas, an eth- 
ylene gas, a propylene gas, a propane gas or a meth- 
ane gas. 

45 [0025] In order to control the speed and time of 
growth of carbon nanotubes, a carrier gas (an inert gas 
such as hydrogen or argon gas) and/or a diluted gas (a 
hydride gas) can be supplied from a carrier or diluted 
gas supply source 480 to tne reaction furnace 300 via a 
so third valve 490 ooened, tcgethe r with a carbon source 
gas. Also, an etch gas (for example, an ammonia gas. a 
hydrogen gas or a hydnde gas) can be supplied 
together with a carbon source gas in an appropriate 
ratio in order to cont r ol the density and growth shape of 
55 carbon nanotubes. Preferably, the volume ratio of a car- 
bon source gas to an etch gas is 2~r to 3:1 . 
[0026] As shown ir FIG. 7, when a carbon source 
gas (for example, acetylene gas (C ? H 2 )). which has 
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Deen suopl ed into the reaction furnace 3C0 of the tner 
mal chemical vapor deposition apparatus, is decom- 
posed in s gas phase by cyrclysis, and forms free 
hydrogen (H : ,>) and carbon units (C=CJ or C), the carbon 
unts are adsorbed and diffused into the surface of the 
catalytic metal particles 33a and then dissolved therein. 
When the carbon units are diffused into and accumu- 
lated within the catalytic metal partices 33a, carbon 
nanotubes 34 start growing. When carbon units are 
ccntinucusly supplied, the carbon nanotubes 34 are 
grown in bamboo shapes oy the catalytic action of the 
catalytic metal particles 33a. When the catalytic metcl 
particles 33a are round or blunt, the ena of a carbon 
nanotube 34 is also round or blunt. Though not shown in 
the drawings, when the end of each nano-sized catalytic 
metai particle 33a is sharp-pointed, each carbon nano- 
tuoe also has a sharp-pointed end. 

[0027] in tne present invention, catalytic metal par- 
ticles 33a. which are suitable for the growth of carbon 
nanotubes 34, are independently isolated from other 
neighboring particles without being agglomerated 
therewith, so that no amorphous carbon agglomerates 
are formed during formation of cartoon nanotubes 34. 
Hence, highly-pure carbon nanotubes 34 can be formed 
to be vertically aligned on a substrate 30. Also, the size 
of catalytic metal particles 33a can be controlled by 
changing the conditions of etching using an etch gas 
(that is, an ammonia gas). For example, the gas flow 
rate, the etching temperature and the etching time can 
be adjusted, so that the diameter of carbon nanotubes 
34 can be easily controlled. Furthermore, the length of 
the carbon nanotubes 34 can also be easily controlled 
by changing the conditions of supply of a carbon source 
gas, for example, the gas flow rate, The etching temper- 
ature and the etching time. 

[0028] in this embodiment, isolated nano-sized cat- 
alytic metal particles 33a are formed by dry etching 
using the thermal chemical vapor deposition apparatus 
of FIG. 6. However, the isolated nano-sized catalytic 
meta 1 . particles 33a can De formed by wet etching. That 
is, a substrate 30, on which a catalytic metal film 33 is 
formed, can be dipped into a wet etching solution, for 
example, a hydrogen fluoride (HF) solution, thereby 
forming isolated nano-sized catalytic metal particles 
33a. Here, the wet etching process used to form iso- 
lated nano-sized catalytic metai particles 33a can be 
performed at s low temperature. 

[0029] This embodiment takes a horizontal thermal 
chemical vapor deposition (TCVD) apparatus as an 
example to grow the catalytic metal particles 33a and 
the carton nanotubes 34. However, a vertical TCVD 
apparatus, an in-line TCVD apparatus, and a conveyer- 
type TCVD apparatus can also be used. Furthermore, a 
plasma CVD ( D CVD) apparatus can be used instead of 
the horizontal TCVD apparatus. When a PCVD is used, 
etching can be performed at a low temperature, and 
control of reaction is easy. 

[0030] An FED device using verticaliy-ai gned car- 



bon nanotubes according to the present invention as 
described above is a three-elect r ode FED device, and it 
has a simple structure so that it can increase a manu- 
facturing y eio ard can be manufactured to have a large 
area. 

[0031] Also, since the FED device according to the 
present invention uses vertically wel-aiigned carbon 
nanotubes as emitter tips, a great amount of emission 
current can be obtained at a low operating voltage, for 
example, at 3V/pm or less. Furthermore, the FED 
device according to the present invention provides 
excellent luminous efficiency and high reliability since it 
hi as a high density cf tips per unit a red. 

Claims 

1. A field emission display device comprising: 

a first meta! film for use as a cathode formed on 
a lower substrate: 

carbon nanotubes for use as emitter tips being 

vertically aligned on the first metal film; 

a first spacer installed on the first metal film; 

a second metal film shaped like a mesh to 

serve as a gate electrode, the second metal 

film supported by the first spacer and formed 

on the carbon nanotubes; 

a second spacer formed on the first spacer; 

and 

an upper substrate formed on the second 
spacer to which a transparent electrode and a 
fluorescent layer are attached. 

2. A field emission display device as claimed in claim 
1 wherein the lower substrate is formed of glass, 
quartz, silicon or alumina (Al 2 0 3 ). 

3. A field emission display device as claimed in claim 
1 or 2 wherein the first metal film is formed of 
chrome, titanium, tungsten or aluminum and the 
second metal film pattern is formed of chrome, tita- 
nium or palladium. 

4. A field emission display device as claimed in any of 
claims 1 to 3 wherein catalytic meta! particles are 
formed on the first metal film and then the carbon 
nanotubes for use as emitter tips are grown on the 
catalytic metal particles by chemical vapor deposi- 
tion 

5. A methoa for manufacturing a field emission display 
device comprising: 

forming a trst metal film for use as a cathoae 
? on a lower substrate: 

grow ng verticaily-a igned carbon nanotubes 
on the first metal film; 

insta ling a first spacer on the first meta! film; 
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'c r '^ r ":; t M e :a^c r "a r, ot-ces a seconc 
meta * .m s nape a hr\e a mesr tc serve as a 
^aie eiectroae. tne secDna metai f Im being 
su^po'tea oy tne f irst spacer; 

•c^in:; a second s^ace'' cr tne nnst space r ' 
ana 

nsiaiimg on tne secona spacer an uoper sub- 
strate to wh ch a transparent electrcae and a 
'luorescent layer are anacned.. 

6. A metnod as cla med in claim 5 wherein the lower 
substrate is formed o* glass, quartz, silicon or alu- 
mina (AloG^). 

7. A method as claimed in claim 5 or 6 wherein the 
frst metal film is formed cf chrome, titanum, tung 
s:cn or alumirum ard tne second metal film pattern 
is formed of enrome. titanium or palladium. 

8. A method as claimed in any of claims 5 to 7 whereir : j i> 
the step cf growing the vertically-aligned carbon 
nanotubes comprises: 

"orming a catalytic metal film on the first meta 
*ilrr: ?r> 
'orrning isolatea nano-sized catalytic metal par- 
ticles oy etching the surface of the catalytic 
metal film; and 

vertically growing a carbon ranotuoe 'or use as 
an emitter tip on each of the isolated catalytic 30 
metal particles using a chemical vapor aeposi- 
tior method using a carbon source gas. 

9. A method as cla med in c airn 8 wherein a therma: 
cnemical vapor deposition method or a plasma 35 
cnemical vapor deposition method is used to form 

the catalytic metal particles and to grow carbon 
nanotubes 

10. A method as claimed in claim 8 or 9 wherein the 40 
carbon source gas is a gas selected from the group 
consisting of an acetylene gas, an ethylene gas, a 
propylene gas, a propane gas and a methane gas. 

11. A method as claimed in any of cla' is 8, 9 or 1G 45 
whereir the surface of the catalytic metal film is 
etched oy a gas selected from the group consisting 

o* an ammonia gas, a nyarogen gas and a hydride 
gas, or by a hydrogen fluoride solution 

50 

12. A method as claimed in any of clams 8 to 1 1 
whereir the catalytic metal film is formed of cobalt 
n ckel. ron, yttrium or an alloy of two o r more of 
these metals. 
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FIG. 5A 
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